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Abstract
A preliminary engineering, geological, and 
hydrological environmental assessment of a 
proposed 250 MMSCFD dry ash Lurgi coal gasifi­
cation facility is discussed.
The facility's emission spectrum is examined 
on the basis of the proposed design and empir­
ical data. This system utilizes approximately 
13 million tons of lignite and 17,000 acre 
feet of water per year and consumes 6500 tons 
of oxygen per day. The results of the study 
indicate that the major gaseous effluent is 
CC>2 , that the federal limits on SO2 effluent 
may be met, and that the atmospheric degrada­
tion criterion will be the most difficult one 
to meet.
The fate of trace elements during the gasifi­
cation process is discussed. Available pre­
liminary data indicate that the majority of 
the trace elements will be concentrated in 
and leave the system with the ash.
The probable hydrological and geological 
impacts pertinent to ash and sludge disposal 
and water table depression are discussed.
The results of the study indicate that the 
water table will be depressed during mine 
operations and that some groundwater pollution 
will occur due to waste disposal.
1. INTRODUCTION
Coal gasification is but one of several 
avenues that are being followed by the gas 
industry in an attempt to alleviate the 
growing discrepancy between gas supply and 
gas reserves as shown in Table 1. (1) This
discrepancy has been identified and recognized 
by virtually everyone associated with the 
industry, including government officials, 
university personnel and private citizens.
The cost associated with the building of 
one of the coal gasification facilities 
proposed for North Dakota is very high, on 
the order of three quarters of a billion 
dollars. (2) The funding of a 250 MMSCFD 
(million standard cubic feet per day) plant 
is a serious problem for private industry.
This investment usually represents 25 to 50 
percent of a pipeline company's net capital 
worth. A single such facility would ordi­
narily supply approximately one-twelfth of a 
pipeline company's gas. (3) Superimposed 
upon the funding problem are serious material 
supply problems; for example, delivery times 
of four years for draglines and three years 
on much of the plant equipment. Permit 
acquisition problems are also present; 
permits are required for land, water, plant 
construction, the mine, plant startup and 
plant operation. Political pressures are 
also being generated by the fact that signif­
icant coal development can be expected to 
cause a shift in the balance of political 
and economic power in the state. Ninety- 
nine percent of the state's gross product is 
currently agricultural. (4) Examples of the 
environmental problems present are: impacts 
associated with strip mining, socioeconomic 
impact, and air and water pollution.
This paper deals specifically with the 
environmental impacts associated with a 
proposed 250 MMSCFD Lurgi dry ash coal 
gasification facility to be located in 
western North Dakota as shown in Figure 1.
The operation, maintenance, and size of 
a 250 MMSCFD mine-mouth coal gasification 
facility are all large in scope. The mining 
operation will be about five times larger 
than any mine currently operating in the 
state of North Dakota. The proposed mine 
will produce approximately 13 million tons 
of coal per year. About 87 percent of this 
coal will be converted to substitute natural 
gas (SNG) by the gasification plant. The 
facility consists of four main process
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Table 1
★United States Natural Gas Supply 
1946-1973
(All Volumes in Trillions of Cubic Feet @ 14.73 Psia and 60°F.)
Reserve Proved R/P Ratio** F/P Ratio.
Year Production Additions Reserves (4) " (2) (3) * (2)
(1) (2) (3) (4) (5) (6)
1946 4.9 17.6 159.7 32.5 3.6
1947 5.6 10.9 165.0 29.5 1.91948 6.0 13.8 172.9 28.9 2.3
1949 6.2 12.6 179.4 28.9 2.01950 6.9 12.0 184.6 26.9 1.7
1951 7.9 16.0 192.8 24.3 2.01952 8.6 14.3 198.6 23.1 1.7
1953 9.2 20.3 210.3 22.9 2.21954 9.4 9.6 210.6 22.5 1.0
1955 10.1 21.9 222.5 22.1 2.2
1956 10.9 24.7 236.5 21.8 2.3
1957 11.4 20.0 245.2 21.4 1.7
1958 11.4 18.9 252.8 22.1 1.71959 12.4 20.6 261.2 21.1 1.7
1960 13.0 13.9 262.3 20.1 1.1
1961 13.5 17.2 266.3 19.9 1.31962 13.6 19.5 272.3 20.0 1.4
1963 14.5 18.2 276.2 19.0 1.31964 15.3 20.3 281.3 18.3 1.3
1965 16.3 21.3 286.5 17.6 1.3
1966 17.5 20.2 289.3 16.5 1.2
1967 18.4 21.8 292.9 15.9 1.2
1968 19.4 13.7 287.4 14.8 0.7
1969 20.7 8.4 275.1 13.3 0.4
1970 22.0 37.2 290.7 13.2 1.71971 22.1 9.8 278.8 12.6 0.4
1972 22.5 9.6 266.1 11.8 0.4 '
1973 22.6 6.8 250.0 11.1 0.3
* Includes gas in underground storage. 
Computed prior to rounding.
Source: A.G.A.
streams, a small power plant (40 to 60 
megawatts), a boiler plant (about 1.5 million 
lbs/hr of steam, at 600 psig, 900°F) , and a 
sewage treatment facility. This facility 
generates solid, liquid and gaseous dis­
charges. The major solid discharge is ash 
which, following quenching, is transported 
back to the mine area and covered with 
overburden. The water transported with the 
ash represents a major liquid effluent 
stream (500 gallons per minute (gpm)). The 
major (by weight) gaseous effluent is CC>2 
from the Rectisol part of the process stream 
and flue gas from the steam plant.
This facility would utilize approximately 13 
million tons of lignite per year from the 
Fort Union reserve in western North Dakota 
and would consume approximately 10,500 gpm 
of water from Lake Sakakawea. (5) Approx­
imately 350 acres of land are required for 
the facility. In addition, the mine produces 
the lignite from about 500 acres per year 
with 1500 to 2500 acres being out of agri­
cultural production at any one time.
The gas produced is to be supplied to a 
pipeline and will be blended with the lower 
cost natural gas. The Emission Spectrum, 
Geology, and Groundwater Hydrology for this
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facility are discussed below. The data 
reported below are a summary of the results 
of a project completed by the Engineering 
Experiment Station in August, 1974. (5)
2. FACILITY REQUIREMENTS 
AND EMISSION SPECTRUM
The proposed facility contains 30 to 35 dry 
ash Lurgi gasifier units which produce 
approximately 40 percent of the methane in 
the plant's end product, SNG. A single 
unit, which is shown in Figure 2, is approx­
imately 3.5 meters in diameter and 20 meters 
in height. The gasifiers supply four main 
line process streams shown in Figure 3.
Each process stream consists of a shift 
conversion step, several cooling steps, two 
gas purification steps, a methanation step, 
and a compression step. When combined, 
these four process streams will produce 250 
MMSCFD of SNG from 28,330 tons per day (tpd) 
of North Dakota lignite. The gas produced 
is expected to be 96 percent by volume 
methane and have a heating value of 975 
Btu/scf. The hydrogen required for gasifi­
cation is derived from the process water 
supplied by the lake (approximately 10,500 
gpm) and water brought in with the coal.
The oxygen required by the facility (5500 
tpd) will be supplied by a cryogenic oxygen 
plant. Approximately 35,000 tons of lignite 
will have to be mined to obtain the sized 
gasifier input (2 in. x 1/8 in.). The 
balance of the lignite will be used to 
support the energy needs of the facility 
(approximately 5500 tpd) or sold.
Table 2 provides the average analysis data 
for the coal that will be used in the proposed 
facility. The moisture content of the 
lignite is high enough to provide the hydrogen 
required for the gasification step. This 
amount is approximately 10 percent of the 
water requirement for the facility. The gas 
stream exiting the gasifiers passes through 
crude scrubbers and coolers which separate 
the condensate into tar and gas liquor and 
produces a partially cleaned raw gas stream. 
The liquor is processed offline while the 
gas stream continues on to the shift conver­
sion step. At the shift conversion step,
the gas stream is split into two streams one 
of which undergoes the following reaction:
CO + H„0 --Z* C0o + H- + 16538 Btu/lb2 Catalyst 2 2 . . '1 mol at reac­
tion temp.
The gas streams, when recombined following 
this step, result in a 3.5 H2/CO mol ratio. 
The gas is then cooled, resulting in addi­
tional gas liquor streams, and enters a 
"Rectisol" plant for further purification. 
This unit utilizes a low temperature methanol 
wash and removes hydrogen sulfide, carbon 
dioxide and carbonyl sulfide by physical 
absorption. The methanation feed gas (3.5 
H2/CO mol ratio) is essentially sulfur free 
(less than 0.2 ppm) . The H2S stream is sent 
to a sulfur plant for sulfur recovery. The 
C02 is either used as lock gas for the 
gasifier units or is vented. The purified 
H2, CO, and C02 stream is methanated using a 
catalyst and is then processed in a second 
Rectisol unit where the remaining C02 and 
H20 generated during methanation is removed. 
Approximately 60 percent of the end product 
methane is produced in the methanation step. 
Following the second rectisol unit, the 
process gas stream is compressed and sent to 
sales as SNG.
The gas liquors, collected at multiple 
points in the main process stream, are 
processed in tar and oil gravity separators. 
The gaseous stream from the separators is 
recompressed and sent back to the main 
stream for further processing. The tar and 
oils are marketed. The remaining gas liquor 
is sent to a phenolic recovery unit. The 
Lurgi Phenosolvan Process, using isopropyl 
ether, is used to extract the phenols from 
the liquor stream. The C02, H2S, and NH^ 
are removed from the liquor stream by heating 
and stripping, and the remaining stream is 
routed to biological treatment.
All the acid gas streams within the facility 
are routed to a sulfur-recovery plant where 
99 percent of the sulfur is to be removed.
The residual gas stream is incinerated in 
the boiler and processed along with the 
boiler plant flue gas for sulfur removal.
The energy balance of this facility is 
summarized in Table 3. The complete material
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Table 2. Analysis of Dunn County, N. Dak., Lignite, Average of four Dunn Center bed composites.
Proximate analysis, As Moisture Moisture andpercent by wt. received free ash free
Moisture 38.56Volatile matter 27.03 44.00 49.51Fixed carbon 27.57 44.87 50.49Ash 6.84 11.13
Ultimate analysis,
percent by wt.
Hydrogen 6.97 4.38 4.93Carbon 39.05 63.56 71.52Nitrogen .40 .65 .73Oxygen 45.90 18.92 21.28Sulfur .80 1.30 1.47Chlorine .04 .06 .07Ash 6.84 11.13
Heating value, BTU/lb 6456 10508 11824
Ash analysis,
percent by wt.
Silicon dioxide 21.17Aluminum oxide 11.37Ferric oxide 9.27Titanium oxide .46Phosphorus pentoxide .27Calcium oxide 20.25Magnesium oxide 7.51Sodium oxide 2.90Potassium oxide .50Sulfur trioxide 25.54Undetermined .76
Ash fusibility, °F Reducing Oxidizing
Initial Deformation 2240 2310Softening 2360 2410Fluid 2480 2530
approximately twice that of the gasification 
plants being built in the Southwest. (6)
The sulfur, flow diagram (Figure 5) shows 
that the expected sulfur emissions from the 
facility can be as low as 0.1 pounds/million 
Btu of total production and approximately 
0.25 pounds/million Btu for the direct fired 
boilers. In both cases, the sulfur emitted 
is well below the limit of 1.2 pounds/million 
Btu. (7) The NC>x effluents are expected to 
be less than the limit of 0.7 pounds/million 
Btu. (7) The particulates have been estimated 
to be 0.09 lbs/million Btu which is slightly 
less than the limit of 0.1 lbs/million Btu. (7) 
Thermal emissions from the facility account 
for approximately 33 percent of the energy 
input. The major thermal emissions are from
balance can be obtained. (5) The total 
energy content produced by the facility 
(2.95 x 1011 Btu/day) is approximately 
equivalent to 3600 megawatts (thermal). In 
terms of energy consumed, the total energy 
content of the facility is equivalent to a 
2100 megawatt power plant. The water use of 
the facility is summarized in Figure 4.
Good design practice requires that cooling 
towers be used due to the large variance in 
local environmental conditions (95°F, 90% RH 
to -40°F, 40% RH). In essence, all of the 
incoming lake water is evaporated while the 
process water is provided by the coal. The 
major portion (71 percent) of the evaporation 
occurs in the cooling towers. The total 
water use rate (16,800 acre-feet/year) is
Table 3. Energy Balance





















Gasifier Train 295.7 x 100 = 80.8 percent
365.8
Overall plant ' 295.7 x 100 = 67.7 percent
436.8
This does not take into account the use of an auxiliary steam 
superheater nor the effect of additional heat usage to dry lignite.
The thermal efficiency based on the fuel products: substitute 
natural gas, tar, and oils would be 64.8%.
the cooling towers with minor contributions 
being made in the areas of the stack and 
vent gases and the evaporation ponds. Solid 
wastes are to be disposed of in the mine 
area prior to reclamation and will consist 
of 2500 tons of ash per day as well as 
sludges from raw water treatment, biological 
treatment, and other settling ponds.
The question of trace element availability 
was addressed during this study but only 
partially answered. The available data (8),
(9) , (10) , (11), (12) indicate that some of
the trace elements will probably be concen­
trated in the ash. The more volatile trace 
elements will enter the process stream and 
be removed in one of several gas liquor
streams. Table 4 portrays the possible 
disposition of trace elements within the 
facility. A study to determine which trace 
elements are present in the Dunn Center Bed 
coal was completed, and the results are 
given in Table 5. There is significant 
variability between the two samples. These 
samples were physically located within a few 
miles of each other. This work is continuing 
on a considerably expanded scope which 
includes an attempt to form a trace element 
balance around the facility based upon 
analysis of samples of effluents from the 
gasification facility at Sasolburg, South 
Africa.
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Table 4. Possible Disposition of Trace Elements in Ash, Liquid, 
Gaseous and Unknown Streams
Element Ash Liquid Gaseous
Silver Ag X(?)Arsenic As X(?)Boron B XBarium Ba XBeryllium Be X
Bismuth Bi X
Cobalt Co XChromium Cr XCopper Cu XGallium Gel X(?)Germanium Ge X(?)Mercury HgLithium Li X
Manganese Mn X(?)Molybdenum Mo X(?)Nickel Ni X
Lead Pb x (?)
Tin Sn X(?)Strontium Sr XUranium U XVanadium V XYtterbium Yb X(?)Yttrium Y X(?)
Zinc Zn X(?)Zirconium Zr X
Unknown
Table 5. Computer Calculated Concentration of Elements Detected 
by Instrumental Neutron Activation Analysis (Precision 
± 20%) in PPM, Dry Coal
Composite Sample Identification
Element C-9AA C-13-1
Argon Ar 10.8 11.4Arsenic As .73 3.05Barium Ba 107 57Bromine Br 12.7 12.9Cesium Cs ND .042Cobalt Co 2.39 .93Iron Fe 5990 4210Hafnium Hf .415 .525Potassium K ND 245Lanthanum La 4.24 3.84Sodium Na 790 1120Antimony Sb . 384 .220Scandium Sc .914 1.11Selenium Se ND .604Strontium Sr 184 329Tantalum Ta . 062 .076Thorium Th .932 1.03Uranium U 2.41 .545Manganese Mn 96.49 NDTellurium Te 2.22 NDGold Au • 00166 ND










3. GEOLOGY AND SUBSURFACE HYDROLOGY
The Dunn Center project area straddles the 
valley of Spring Creek, a tributary of the 
Knife River. The valley is about 15 miles 
wide and 250 feet deep. North of the project 
border is the Little Missouri arm of Lake 
Sakakawea, which is approximately 600 feet 
below the Knife River uplands. The project 
area is generally undulating and has an 
integrated drainage pattern typical of the 
Great Plains. The area is located to the 
southeast of the center of the Williston 
Basin and has been structurally stable for 
about 50 million years.
The generalized stratigraphy of the Dunn 
Center project area is shown in Figure 6, 
and a detailed description of the uppermost 
units is given in Figure 7. The Pierre 
Formation, consisting of a dark grey clayey 
shale, is about 1500 feet thick and is 
judged to be the base of significant ground- 
water flow. Above the Pierre at an elevation 
of 750 feet is the Fox Hills Formation. It 
is 250 feet thick and consists of alternating 
layers of sand, silt and clay. Above the 
Fox Hills is the Hell Creek Formation at an 
elevation of 1200 feet. It is 300 feet 
thick and consists of alternating lenses of 
clay, silt and poorly-sorted sand. The 
Cannonball Formation, at a depth of 900 
feet, is 300 feet thick and is comprised of 
alternating sand, silt and clay. The Tongue 
River Formation is encountered at a depth of 
about 400 feet, is 500 feet thick, and is 
comprised of about 80 percent silt and clay 
layers, 15 percent sand layers and 4 percent 
lignite layers. The Sentinel Butte For­
mation ranges in thickness from 300 feet, 
below Spring Creek, to 550 feet thick in the 
northern and southern parts of the Dunn Cen­
ter area. The Sentinel Butte Formation 
consists of about 60 percent alternating 
clay and silt, 30 percent silty fine to 
medium sand and 10 percent lignite. The 
Sentinel Butte Formation is the one that 
will be mined.
The sand layers in the Cannonball, Tongue 
River and Sentinel Butte Formations form 
important aquifers in the area and must be
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considered in evaluating the scope of ground- 
water pollution. A conservative estimate is 
that there is sufficient lignite within the 
project area to support four 250 MMSCFD coal 
gasification facilities over a 30 year plant 
life. (In all likelihood the plant life 
will be longer than this.) The Knife River 
Flint quarries are known to exist within the 
project area and are of archaeological 
interest. (13),(14) The project area climate 
has been arid to subhumid since the last 
glacial period. The area appears to be 
well-suited for a gasification facility.
Little data currently exist (5), (15) that 
deal directly with the subsurface hydrology 
in the Dunn Center area. The adjacent 
counties of Mercer and Oliver have experienced 
some work (16) which can be reasonably 
extrapolated to Dunn County.
Many water wells in the Dunn Center area top 
the lignite beds of Sentinel Butte and, to a 
lesser extent, the Tongue River Formation.
The yield of these wells is typically 10 to
20 gpm (or less), suggesting a permeability 
-5 -4of 10 to 10 feet per second, probably 
caused by fractures in the coal beds. (A 
drilling program taking place as this is 
written seems to be bearing out this judg­
ment.) These permeability data are consistent 
with Croft's data. (16) Many of the clay 
beds in the Pierre and perhaps in the Cannon­
ball Formation are expected to have perme­
ability that is four to seven orders of 
magnitude less than the clay beds in the 
Sentinel Butte and Tongue River Formations. 
Thus, at least the Pierre and perhaps the 
Cannonball Formation may form an effective 
base of the regional flow system. A model 
of the regional flow system is being built 
as part of a continuing study to assess the 
impact of mining and waste disposal.
Unfortunately, the available data base at 
present permits only a qualitative assessment 
of the mining and waste disposal impact upon 
the groundwater system.
Wells within about two miles of an active 
mine are expected to be disturbed by the 
mining activities. In addition, available 
data indicate that water levels in wells
will be affected by the mining activities 
even after reclamation. In some wells, the 
water level will be restored to its original 
level, in others it will be lower, and in 
some it will be higher. A significant 
amount of water chemistry data is currently 
available. (5, p. 123)
A possibility of groundwater pollution 
exists from several sources within the 
facility. Some of the more notable potential 
pollutants to be disposed of in the mine are 
the wetted gasifier ash, the sludge from the 
biotreating (phenols) ponds, the wastewater 
from the water-treatment plant, and the 
sludge from the scrubbers on the boilers. 
Studies of waste disposal streams in North 
Dakota oil fields (17) indicate that migration 
of waste fluids is possible and should be 
considered in the design of the facility and 
mine.
At this writing, a significant geological 
and groundwater hydrology study is being 
carried out which will considerably expand 
the data base for the project area. This 
program includes 60 stratigraphic test holes 
with geophysical logs, 60 piezometers in­
stalled in the test holes and a transient 
analytical groundwater-flow model of the 
project area.
4. SUMMARY AND CONCLUSIONS
A 250 MMSCFD dry ash Lurgi coal gasification 
facility has been proposed for the Dunn 
Center area. The facility will annually use 
about 13 million tons of lignite, 16,800 
acre-feet of water and 2.4 million tons of 
oxygen. The sulfur emissions are expected 
to be about a tenth of the federal limits 
for the total facility and a quarter of the 
limits for the coal-fired boilers. The 
major gaseous effluent (by weight) is CC^ •
Most (70 percent) of the water is evaporated 
from cooling towers. The trace elements in 
the coal have been established. Preliminary 
data indicate that most of the elements will 
be concentrated in the ash. The facility 
will be designed to satisfy or exceed all 
federal and state effluent limits.
The geology of the area was discussed. The 
area is seismically very stable. The coal 
resource, sufficient to support four facil­
ities assuming a 30-year facility life, will 
be obtained from the Sentinel Butte Formation. 
The major aquifers in the area are located in 
the Sentinel Butte, Tongue River and Cannon­
ball Formations. Some of these aquifers will 
be disturbed by mining activities. The water 
table within two miles of the mine will be 
lowered during mining. Water levels in wells 
within two miles of the mine following recla­
mation cannot be predicted at this time; how­
ever, it is expected that some will be raised, 
others lowered, and some returned to their 
original levels. The potential for ground- 
water pollution exists from any of several 
waste streams, both liquid and solid. Too 
few data are available at this time to 
predict the extent of groundwater pollution, 
but it is expected that some will occur.
An extended and continuing experimental and 
analytical program is being carried out in 
all of the above areas. This program includes 
analysis of chemical effluents from a gasifi­
cation facility in South Africa, an extensive 
geological and subsurface hydrology program, 
and a continuing emission spectrum study.
5. RECOMMENDATIONS
The gasification industry, assuming one 
develops, should work to create and improve 
the effluent guidelines, particularly for 
the trace elements and common gaseous ef­
fluents. Current effluent guidelines are 
very limited for trace elements (mercury and 
beryllium) and may not be directly applicable 
for SO2 and NOx« (7), (18) The industry 
should develop a wider data base to determine 
the fate of trace elements during coal 
gasification. There is significant trace 
element concentration variability in coals 
which must be considered in determining the 
fate of trace elements during gasification. 
Government and industry should consider the 
geological and groundwater impact in designing 
a reclamation plan. Original contour and 
topsoil reclamation requirements do not 
necessarily protect groundwater sources.
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FIG. 3











GENERALIZED STRATIGRAPHY OF THE UPPERMOST 14,000 FEET IN DUNN C ENTER AREA
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FIG. 7
DESCRIPTION OF THE UPPERMOST STRATIGRAPHIC 
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- \L IG N IT E  OR S1UCIFIED SILTSTONE
iCROSSBEDDED SAMD (PART OF GOLDEN VALLEY FM 7) (FLU VIA L)
~  V  BIG B L U E " C LA Y  BED
DESCRIPTION
YELLOWISH, MICACOUS, CROSSBEDDED SANDSTONE, MORTMORILLONITIC 
SHALE, SILTSTONE, AND MINOR LIGNITE (FLU VIA L AND LA C U S TR IN E )
AVENDER CLAY
.WHITE OR O RANGE, KA O U N IT IC  CLAY





6 0 %  SILT  AND CLAY (FLUVIAL 
OVERBANK, FLOODBASIN, AND 
OFFSHORE LAC USTRINE), 3 5 %  SAND 
(FLU VIA L AND SH O R E LIN E ); 3 %  LIGNITE (SW AM P); SOME SANDSTONE, 
SCORIA, AND LIM ESTON E; PE TRIFIED  STUMP ZONE BELOW MBIG BLU E", 
STEER RILLED  SLOPES
IASAL SAND BED
T LIGNITE BED
YE LLO W ISH , 75  %  SILT  AND 
CLAY (FLUVIAL OVERBANK, FLOODBASIN, AND OFFSHORE 
LACUSTRINE), 10% SAND ( FLUVIAL AND SHORELINE),
3 %  LIGNITE (SW AM P); SOME LIM ESTON E, SCORIA,AND
----------------------------------------------------- - SANDSTONE,GENTLE,
BASAL SAND BED ROUNDED SLOPES
DARK-GRAY C LAY W ITH FLUFFY SLOPES. 
S IM ILAR  TO TONGUE RIVER (YELLOW ISH)
S IM IL A R  TO S E N T IN E L BUTTE (GRAY),
TULLOCK S IM IL A R  TO SE N TIN E L B U T T E , BUT 





4 ^ PARK-GRAY CLAY , FLUFFY, ROUNDED, BARE SLOPES (LAC U STR IN E)
SOMBER-GRAY, LIGNITE SHALE AND DIRTY CROSSBEDDED 
SAND , DARK-PURPLE CONCRETIONS (FLU VIA L, SOME M ARINE).
WHITE, CROSSBEDDED SAND (F LU V IA L)
THINLY INTERBEDDED, BROWNISH-GRAY SILT AND CLAY
YELLOWISH, GLAUCONITIC, DIRTY,FINE SAND




SOFT, DARK-GRAY, FLAKEY,NONCAl CAREOUS SHALE.
HARD, SILICEOUS, NONCALCAREOUS, GRAY SHALE, 
REDDISH-BROWN STAINS ON JOINTS, A FOOT-THICK 
BED OF LIGHT-YELLOW WAXEY CLAY 
AT BASE, FORMS STEEP SLOPES
SIMILAR TO ODONAH MEMBER
SOFT SHALE THAT LACKS"TREES IN WOODED ARgAS
THINLY-BEDDED,CALCAREOUS,GRAY TO YELLOWISH 
SHALE WITH FLUFFY SURFACE, COMMONLY SLUMPS
SLIGHTLY ORGANIC
NIOBRARA FORMATION




BLACK SHALE WITH 
YELLOW STAINS, 
POORLY EXPO SED
WITH WHITE, WAXEY, CLAY B E DS_________
TAN TO ORANGE.CALCAREOUS SH ALE, FORMS STEEP SLOPES 
GRAY, CALCAREOUS SHALE WITH W HITE SPECKS
SOFT, BLACK, NONCALCAREOUS SHALE WITH LARGE 
ELLIPSO ID AL CONCRETIONS, FINE SAND AT TOP
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